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(57) ABSTRACT 

Methods and apparatus, including computer program prod 
ucts, implementing techniques for encoding binary XML. 
The techniques include receiving data to be encoded and 
encoding the data as binary XML data. The binary XML data 
includes one or more elements. Each element is represented 
by an index number that identi?es the element, a length 
number that indicates the length of the element’s name, and 
token numbers that represent tags delimiting the element. 
The index numbers, length numbers, and token numbers are 
encoded as a sequence of bytes including at least one byte 
that represents a composite number. A composite number is 
a token number combined With either an index number or 
length number. 
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200 \‘ 

<DOQument> 210 
v <Rec0rd> I 

<N0de1 >data1‘-1 </Node1> 
<Node2>data1-2</N0de2> 

</Rec0rd> ' 

<Record> 
<Node1 >data2-1 </Node1> 
<Node2>data2-2</Node2> 

</Rec0rd> 
</Document> 

FIG. 2 
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Byte #: Binary Data 
OI 1 11 360 
1: 
2-9: Binary Representation of "Document" 
10: 00000100 
11: 00011001 
12-17: Binary Representation of "Record"</340 
18: 00010100 
19: 00010101 
20-24: Binary Representation of "Node1" 
25: 00100100 
26: 00011110 
27-33: Binary Representation of "data1-1" 

- 34: 00010101 

35-39: Binary Representation of "Node2" 

40: 00111100\330 
41: 00011110 
42-48: Binary Representation of "data1-1" 
49: 01000111 350 
50;0oo1010o/ 
51: 00100100 
52: 00011110 
53-59: Binary Representation of "data1-1" 
60: 00111100 
61: 00011110 
62-68: Binary Representation of "data1-1" 
69: 01100111 
702 00010111 

320/ 310 

FIG. 3 
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410\ 
lndex# Element 

0 Document 
1 Record 
2 Node1 
3 Node2 

FIG. 4 

510\ 
Token Tag 
0000 Start Tag with Attributes 

520\» 0100 Start Tag without Attributes 
53%» 1000 End Tag Followed by Start Tag with Attributes 

1100 End Tag Followed by Start Tag without Attributes 
01 De?ne Element Name 
10 Define Character Data 
0011 Attribute of an Element 
1011 Last Attribute of an Eleme 

‘ 00111 End Tag ' 

' 01111 Start Document 

10111 End Document 

FIG. 5 ' 
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Ending Bits Decoded Result 
00 Token Number is 0000, 0100, 1000, or 1100 
01 Token Number is 01 
10 Token Number 10 
11 inconclusive: Look at Last Three Bits 
011 Token Number is 0011, or 1011 
111 lnconclusive: Look at Last Five Bits 
00111 Token Number is 00111 
01111 ‘ Token Number is 01111 

11111 Reserved for Future Expansion 

FIG. 6 

startD0cument() 
startElement (name = "Document") 
startElement (name = "Record") 
startElement (name = "Node1") 
characters ("data1-1") 
endElement (name = "Node1") 
startElement (name = "Node2") 
characters ("data1-2") 
endElement (name = "N0de2") 
endElement (name = "Record") 
startEIement (name = "Record") 
startElement (name = "Node1") 
characters ("data2-1") 
endElement (name = "Node1") 
startElement (name = "N0de2") 
characters ("data2-2") 
endElement (name = "Node2") 
endElement (name = "Record") 
endElement (name = "Document") _ 

endDocument() 
FIG. 7 
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910\ 
Receive Data 
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920\ 1 
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/ 920 

f 930 
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and for Each Element 

1 f‘ 940 
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1 [950 
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1 f 960 
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BINARY XML 

BACKGROUND 

[0001] The present invention relates to data processing by 
digital computer, and more particularly to XML (Extensible 
Markup Language) and other markup languages. 

[0002] XML is a markup language for marking data With 
markup tags that indicate What data is being described. For 
example, the Word “phone” placed Within markup tags could 
indicate that the data that folloWed is a phone number. 

[0003] XML is commonly represented as textual data. The 
textual data is generally encoded in a Unicode format, for 
example, in UTF-8 format. 

[0004] An alternative approach is to represent XML as 
binary data. The binary approach is referred to as binary 
XML. 

[0005] One binary XML technique is the Compact Binary 
XML (CBXML) technique proposed by IBM (International 
Business Machines) of Armonk, NY. A description of 
CBXML has been published at: http://WWW.W3.org/2003/ 
08/binary-interchange-Workshop/presentations-ibm-cbxm 
l.pdf. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides methods and appa 
ratus, including computer program products, implementing 
techniques for encoding binary XML. 

[0007] In one aspect, the techniques include receiving data 
to be encoded and encoding the data as binary XML data. 
The binary XML data includes one or more elements. Each 
element is represented by an index number that identi?es the 
element, a length number that indicates the length of the 
element’s name, and token numbers that represent tags 
delimiting the element. The index numbers, length numbers, 
and token numbers are encoded as a sequence of bytes 
including at least one byte that represents a composite 
number. A composite number is a token number combined 
With either an index number or length number. 

[0008] The techniques can be implemented to include one 
or more of the folloWing features. 

[0009] The token numbers are encoded as binary numbers 
of variable length. 

[0010] Encoding the textual data as binary XML data 
includes representing tWo or more tags using a single token 
number. 

[0011] Encoding the textual data as binary XML data 
includes representing an end tag of a ?rst element folloWed 
by a start tag of a second element using a single token 
number. 

[0012] Encoding the textual data as binary XML data 
includes representing each element by a length number that 
corresponds to the number of characters in the element’s 
name. 

[0013] For each byte, the highest bit is reserved as a 
continuation bit that indicates Whether or not the encoding 
stored in the byte continues into another byte. 
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[0014] In another aspect, the techniques include receiving 
textual data encoded as a binary XML data and decoding the 
binary XML data to reveal the textual data. The binary XML 
data includes one or more elements. Each element is repre 
sented by an index number that identi?es the element, a 
length number that indicates the number of characters in the 
element’s name, and token numbers that represent tags 
delimiting the element. The index numbers, length numbers, 
and token numbers are encoded as a sequence of bytes 
including at least one byte that represents a token number 
combined With either an index number or length number. 
Decoding the binary XML data includes decoding the at 
least one byte into tWo numbers, a token number and either 
a length number or index number. 

[0015] The techniques can be implemented to include one 
or more of the folloWing features. 

[0016] The token numbers are encoded as binary numbers 
of variable length. 

[0017] Encoding the textual data as binary XML data 
includes representing tWo or more tags using a single token 
number. 

[0018] Encoding the textual data as binary XML data 
includes representing an end tag of a ?rst element folloWed 
by a start tag of a second element using a single token 
number. 

[0019] Encoding the textual data as binary XML data 
includes representing each element by a length number that 
corresponds to the number of characters in the element’s 
name. 

[0020] For each byte, the highest bit is reserved as a 
continuation bit that indicates Whether or not the encoding 
stored in the byte continues into another byte. 

[0021] The techniques further include storing the textual 
data in memory and using the length numbers to determine 
hoW much memory to allocate for the element names. 

[0022] The invention can be implemented to realiZe one or 
more of the folloWing advantages. 

[0023] Encoding and decoding the XML data is performed 
quickly and ef?ciently. The encoding and decoding can be 
performed Without having to store the entire XML data in 
memory. 

[0024] The siZe of binary XML data is reduced relative to 
the siZe of binary XML data encoded using other binary 
XML techniques. This reduces the amount of bandWidth 
required to transmit the binary XML data and the amount of 
memory space required to store the binary XML data. 

[0025] The process of allocating memory for the binary 
XML data is optimiZed relative to the process of allocating 
memory for the binary XML data encoded using other 
binary XML techniques. 

[0026] Unicode strings are encoded using a format that is 
simpler and faster than conventional Unicode formats such 
as UTF-8. 

[0027] One implementation of the invention provides all 
of the above advantages. 

[0028] Details of one or more implementations of the 
invention are set forth in the accompanying draWings and in 
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the description below. Further features, aspects, and advan 
tages of the invention Will become apparent from the 
description, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a block diagram of a system in accor 
dance With the invention. 

[0030] FIG. 2 shoWs an example of data encoded in XML. 

[0031] FIG. 3 illustrates binary XML. 

[0032] FIG. 4 shoWs an eXample of token numbers used 
in binary XML. 

[0033] FIG. 5 shoWs an eXample of indeX numbers used 
in binary XML. 

[0034] 
XML. 

FIG. 6 shoWs a table used for decoding binary 

[0035] FIG. 7 shoWs an eXample of events produced 
during decoding of binary XML. 

[0036] FIG. 8 is a schematic diagram of a scenario involv 
ing binary XML. 

[0037] FIG. 9 is a How diagram of a method in accordance 
With the invention. 

[0038] Like reference numbers and designations in the 
various draWings indicate like elements. 

DETAILED DESCRIPTION 

[0039] As shoWn in FIG. 1, a system 100 in accordance 
With the invention includes an encoder 110 for encoding data 
using a binary XML technique that Will be described beloW. 
The system 100 also includes a binary XML decoder 120 for 
decoding data that has been encoded using the binary XML 
technique. 

[0040] The binary XML technique is a technique for 
representing XML as binary data rather than as teXtual data. 
In XML, each element is represented by a pair of tags (start 
tag and end tag) that contain the element’s name and that 
marks the beginning and the end of the element, respec 
tively. 

[0041] The binary XML technique uses token numbers to 
represent tags and indeX numbers to represent element 
names. 

[0042] For eXample, FIG. 2 shoWs data 200 encoded in 
XML. FIG. 3 shoWs this same data 200, but encoded using 
the binary XML technique. The element names in this 
eXample are represented by the indeX numbers 410 shoWn in 
FIG. 4. The tags in this eXample are represented by the token 
numbers 510 shoWn in FIG. 5. 

[0043] During system operation, as illustrated by method 
900 of FIG. 9, the encoder 110 receives data to be encoded 
(step 910) and encodes the data as binary XML data (step 
920). 
[0044] To encode the data, the encoder performs the 
folloWing steps: 

[0045] The encoder 110 identi?es in the data one or more 
elements (step 930). 
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[0046] For each identi?ed element, the encoder 110 
assigns an indeX number to the element’s name (step 940), 
?nds the length of the element’s name (step 950), assigns 
token numbers to represent the element’s tags (step 960), 
and combines token numbers With either indeX numbers or 
the length numbers to form composite numbers (step 970). 

[0047] Variable Length Encoding 

[0048] Each token number is a binary number of variable 
length. In one implementation, the shorter token numbers 
are assigned to the more frequently occurring tags or tag 
combinations. In the eXample above, the token number 520 
represents a single tag Whereas the token number 530 
represents a tag combination, speci?cally, the combination 
of an end tag folloWed by a start tag. 

[0049] Simpli?ed Format for Unicode 

[0050] In one implementation, the encoder 110 only uses 
the loWest seven bits 310 in a byte for storing the binary 
XML data. The encoder 110 reserves the highest bit 320, for 
eXample, the rightmost bit, for use as a continuation bit. The 
continuation bit is set to 0 if the binary number is betWeen 
0 and 127 inclusive and is set to 1 if the binary number is 
greater than 128. 

[0051] In the case Where the binary number is greater than 
128, more than one byte is needed to represent the number. 
In such cases, all but the last byte has the continuation bit set 
to 1. The last byte has the continuation bit set to 0. 

[0052] Combination of Token Number With IndeX Number 

[0053] In one implementation, the encoder 110 combines 
a token number With an indeX number and represents both 
binary numbers as single binary number referred to as a 
composite number 330. One technique for forming a com 
posite number is bit shifting. With bit shifting, all of the bits 
representing one of the binary numbers is shifted so as to 
leave a designated number of bits unoccupied. The encoder 
110 then uses the bits unoccupied by the ?rst binary number 
to store the second binary number. In one implementation, 
the encoder masks out the unoccupied bits and combines the 
tWo numbers together using an OR operation. 

[0054] Avoiding Repetition of Element Names 

[0055] In one implementation, for the ?rst occurrence 340 
of an element, the encoder 110 encodes both the element’s 
name and its indeX number. For each subsequent occurrence 
350 of the element, hoWever, the name is omitted and only 
the indeX number is encoded. The name does not need to be 
repeated for each occurrence of the element. 

[0056] Length Numbers 

[0057] In one implementation, When an element’s name is 
included in the binary XML data, a length number 360 is 
also included. The length number can indicate the number of 
bytes occupied by the element’s name, or alternatively, it can 
indicate the number of characters in the element’s name. As 
Will be described beloW, the character count can be used 
during decoding to determine hoW much memory needs to 
be allocated to store the element’s name. The length number 
can be combined With a token number to form a composite 
number in a similar manner as described above for indeX 
numbers. 
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[0058] Decoding Process 

[0059] During the decoding process, the decoder 120 
decodes a composite number into tWo separate numbers, a 
token number and either an index number or a length 
number. To do so, the decoder 120 must determine Which 
bits of the composite number represent the token number 
and Which bits of the composite number represent the index 
or length number. 

[0060] As described above, the length of the token number 
can vary. In the example above, the length of the token 
number varies from tWo bits to ?ve bits. The decoder 120 
can use the table illustrated in FIG. 6 to determine Which 
bits represent the token number. 

[0061] First, the decoder 120 looks at the last tWo bits. If 
the last tWo bits are 00, then the token number is a four-bit 
token number ending in 00. If the last tWo bits are 01 or 10, 
then the token number is 01 or 10, respectively. If the last 
tWo bits are 11, then the decoder 120 looks at the last three 
bits. 

[0062] If the last three bits are 011, then the token is a 
four-bit token number ending in 011. If the last three bits are 
111, then the decoder 120 looks at the last ?ve bits. 

[0063] If the last ?ve bits are 00111, 01111, or 10111, then 
the token number is 00111, 01111, or 10111, respectively. 
The token number 11111 is reserved for expansion. 

[0064] In one implementation, the decoder 120 uses a 
SAX (Simple API for XML) parser to parse the binary XML 
data. The SAX parser generates an event for each tag or 
character data item that it encounters during parsing of the 
binary XML data. FIG. 7 shoWs events produced during 
parsing of the binary XML data in the example above. For 
example, event 710 is produced during parsing of data 210 
(FIG. 2) 
[0065] Scenarios 

[0066] The system 100 can generate binary XML data by 
converting existing XML data into binary XML data. Alter 
natively, the system 100 can generate binary XML data 
directly Without ?rst generating XML data. 

[0067] As shoWn in FIG. 8, in one example scenario 
involving the system 100, a server 810 receives from a client 
application 820 a request 830 for data 840 maintained by the 
server 810. In response to this request, the server 810 
retrieves the data 840, and sends a response 850 that 
contains the retrieved data 840. In one implementation, 
either or both of the request 830 and the response 850 can 
be encoded as binary XML data. The server 810 typically 
does not store the binary XML data of the request or the 
response; hoWever, in some cases, it may be desirable to 
cache the binary XML data of the request or the response. 

[0068] On the receiving end, the client application 820 
receives the response 850, reads and decodes all of the data 
840 and Writes the entire data 840 into one or more appli 
cation buffers 860. In Writing the data 840 to the buffers 860, 
the client 820 can use the length numbers associated With the 
element names to determine hoW much buffer space to 
allocate for the element names. 

[0069] The above-described scenario illustrates hoW the 
above-described binary XML techniques can be used for 
communication purposes, and in particular for communica 
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tion betWeen clients and servers. The techniques, hoWever, 
are not limited to this purposes and can be used for other 
purposes, for example, for data storage purposes. 

[0070] The invention and all of the functional operations 
described in this speci?cation can be implemented in digital 
electronic circuitry, or in computer softWare, ?rmWare, or 
hardWare, including the structural means disclosed in this 
speci?cation and structural equivalents thereof, or in com 
binations of them. The invention can be implemented as one 
or more computer program products, i.e., one or more 
computer programs tangibly embodied in an information 
carrier, e.g., in a machine-readable storage device or in a 
propagated signal, for execution by, or to control the opera 
tion of, data processing apparatus, e.g., a programmable 
processor, a computer, or multiple computers. A computer 
program (also knoWn as a program, softWare, softWare 
application, or code) can be Written in any form of program 
ming language, including compiled or interpreted lan 
guages, and it can be deployed in any form, including as a 
stand-alone program or as a module, component, subroutine, 
or other unit suitable for use in a computing environment. A 
computer program does not necessarily correspond to a ?le. 
Aprogram can be stored in a portion of a ?le that holds other 
programs or data, in a single ?le dedicated to the program in 
question, or in multiple coordinated ?les (e. g., ?les that store 
one or more modules, sub-programs, or portions of code). A 
computer program can be deployed to be executed on one 
computer or on multiple computers at one site or distributed 
across multiple sites and interconnected by a communication 
netWork. 

[0071] The processes and logic ?oWs described herein, 
including the method steps of the invention, can be per 
formed by one or more programmable processors executing 
one or more computer programs to perform functions of the 
invention by operating on input data and generating output. 
The processes and logic ?oWs can also be performed by, and 
apparatus of the invention can be implemented as, special 
purpose logic circuitry, e.g., an FPGA (?eld programmable 
gate array) or an ASIC (application-speci?c integrated cir 
cuit). 
[0072] Processors suitable for the execution of a computer 
program include, by Way of example, both general and 
special purpose microprocessors, and any one or more 
processors of any kind of digital computer. Generally, a 
processor Will receive instructions and data from a read-only 
memory or a random access memory or both. The essential 

elements of a computer are a processor for executing 
instructions and one or more memory devices for storing 
instructions and data. Generally, a computer Will also 
include, or be operatively coupled to receive data from or 
transfer data to, or both, one or more mass storage devices 
for storing data, e.g., magnetic, magneto-optical disks, or 
optical disks. Information carriers suitable for embodying 
computer program instructions and data include all forms of 
non-volatile memory, including by Way of example semi 
conductor memory devices, e.g., EPROM, EEPROM, and 
?ash memory devices; magnetic disks, e.g., internal hard 
disks or removable disks; magneto-optical disks; and CD 
ROM and DVD-ROM disks. The processor and the memory 
can be supplemented by, or incorporated in special purpose 
logic circuitry. 
[0073] The invention can be implemented in a computing 
system that includes a back-end component (e.g., a data 
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server), a middleWare component (e.g., an application 
server), or a front-end component (e.g., a client computer 
having a graphical user interface or a Web broWser through 
Which a user can interact With an implementation of the 

invention), or any combination of such back-end, middle 
Ware, and front-end components. The components of the 
system can be interconnected by any form or medium of 
digital data communication, e.g., a communication netWork. 
Examples of communication netWorks include a local area 
netWork (“LAN”) and a Wide area netWork (“WAN”), e.g., 
the Internet. 

[0074] The computing system can include clients and 
servers. A client and server are generally remote from each 
other and typically interact through a communication net 
Work. The relationship of client and server arises by virtue 
of computer programs running on the respective computers 
and having a client-server relationship to each other. 

[0075] The invention has been described in terms of 
particular embodiments, but other embodiments can be 
implemented and are Within the scope of the folloWing 
claims. For example, although the binary encoding tech 
nique has been described in terms of its applicability to 
XML text, it can be used With any markup language text that 
is Well-formed (e.g., the end tags match the start tags). As 
another example, the operations of the invention can be 
performed in a different order and still achieve desirable 
results. In certain implementations, multitasking and parallel 
processing may be preferable. Other embodiments are 
Within the scope of the folloWing claims 

What is claimed is: 

1. A computer program product, tangibly embodied in an 
information carrier, the computer program product compris 
ing instructions operable to cause data processing apparatus 
to perform operations comprising: 

receiving data to be encoded; and 

encoding the data as binary XML data, the binary XML 
data including one or more elements, Wherein each 
element is represented by an index number that iden 
ti?es the element, a length number that indicates the 
length of the element’s name, and token numbers that 
represent tags delimiting the element, and Wherein the 
index numbers, length numbers, and token numbers are 
encoded as a sequence of bytes including at least one 
byte that represents a composite number, a composite 
number being a token number combined With either an 
index number or length number. 

2. The product of claim 1, Wherein the token numbers are 
encoded as binary numbers of variable length. 

3. The product of claim 1, Wherein encoding the textual 
data as binary XML data includes representing tWo or more 
tags using a single token number. 

4. The product of claim 1, Wherein encoding the textual 
data as binary XML data includes representing an end tag of 
a ?rst element folloWed by a start tag of a second element 
using a single token number. 

5. The product of claim 1, Wherein encoding the textual 
data as binary XML data includes representing each element 
by a length number that corresponds to the number of 
characters in the element’s name. 
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6. The product of claim 1, Wherein for each byte, the 
highest bit is reserved as a continuation bit that indicates 
Whether or not the encoding stored in the byte continues into 
another byte. 

7. A computer program product, tangibly embodied in an 
information carrier, the computer program product compris 
ing instructions operable to cause data processing apparatus 
to perform operations comprising: 

receiving textual data encoded as a binary XML data, the 
binary XML data including one or more elements, 
Wherein each element is represented by an index num 
ber that identi?es the element, a length number that 
indicates the number of characters in the element’s 
name, and token numbers that represent tags delimiting 
the element, and Wherein the index numbers, length 
numbers, and token numbers are encoded as a sequence 
of bytes including at least one byte that represents a 
token number combined With either an index number or 

length number; and 

decoding the binary XML data to reveal the textual data, 
including decoding the at least one byte into tWo 
numbers, a token number and either a length number or 
index number. 

8. The product of claim 7, Wherein the token numbers are 
encoded as binary numbers of variable length. 

9. The product of claim 7, Wherein encoding the textual 
data as binary XML data includes representing tWo or more 
tags using a single token number. 

10. The product of claim 7, Wherein encoding the textual 
data as binary XML data includes representing an end tag of 
a ?rst element folloWed by a start tag of a second element 
using a single token number. 

11. The product of claim 7, Wherein encoding the textual 
data as binary XML data includes representing each element 
by a length number that corresponds to the number of 
characters in the element’s name. 

12. The product of claim 7, Wherein for each byte, the 
highest bit is reserved as a continuation bit that indicates 
Whether or not the encoding stored in the byte continues into 
another byte. 

13. The product of claim 7, further comprising: 

storing the textual data in memory and using the length 
numbers to determine hoW much memory to allocate 
for the element names. 

14. Apparatus comprising: 

means for receiving data to be encoded; and 

means for encoding the data as binary XML data, the 
binary XML data including one or more elements, 
Wherein each element is represented by an index num 
ber that identi?es the element, a length number that 
indicates the length of the element’s name, and token 
numbers that represent tags delimiting the element, and 
Wherein the index numbers, length numbers, and token 
numbers are encoded as a sequence of bytes including 
at least one byte that represents a composite number, a 
composite number being a token number combined 
With either an index number or length number. 
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sequence of bytes including at least one byte that 
represents a token number combined With either an 
index number or length number; and 

15. Apparatus comprising: 

means for receiving textual data encoded as a binary XML 
data, the binary XML data including one or more 
elements, Wherein each element is represented by an 
indeX number that identi?es the element, a length 
number that indicates the number of characters in the 
element’s name, and token numbers that represent tags 
delimiting the element, and Wherein the indeX numbers, 
length numbers, and token numbers are encoded as a 

means for decoding the binary XML data to reveal the 
teXtual data, including decoding the at least one byte 
into tWo numbers, a token number and either a length 
number or indeX number. 


